A simple method for concentration and detection of rotavirus and enteroviruses in the blue crab is described. Virus was separated from tissue homogenates at pH 9.5, concentrated by adsorption to protein precipitates at pH 3.5, and recovered by elution of precipitates at pH 9.2. Test samples of 12 to 15 ml were produced from an initial 100 g of crab tissues. Cat-floc precipitation was used to remove sample toxicity for cell cultures. Recovery effectiveness averaged 52% with poliovirus 1, echovirus 7, and coxsackievirus B5 and 23% with rotavirus SAil.
Bivalve mollusks, including oysters, clams, and mussels, are able to concentrate large numbers of human pathogenic viruses from their surrounding waters because of their filter-feeding habits. Numerous outbreaks of infectious hepatitis and viral gastroenteritis have been attributed to the consumption of raw or inadequately cooked shellfish, and human enteric viruses have been isolated from oysters harvested from both approved and closed waters (6, 8, 16) . Crustaceans, on the other hand, are not filter feeders and thus do not concentrate viruses. They can, however, accumulate viruses in their bodies at a level equal to that of the surrounding water. Thus, West Coast shore crabs were shown to acquire enteroviruses from artificially contaminated seawater and by feeding on contaminated mussels (2, 3) . Within 2 h after crabs were placed in virus-contaminated seawater, poliovirus was present in all parts of blue crabs, Callinectes sapidus (9) . The highest concentration of virus was found in the digestive tract and hemolymph, and the virus was able to persist in crabs for at least 6 days at 15°C.
Most of the data in the above studies were generated from experiments seeded with high levels of virus, and concentration of samples was not needed. In nature, the number of viruses retained by crabs is expected to be low. To determine the public health significance of lowlevel carriage of viruses by blue crabs, methods are needed to concentrate and detect small numbers of viruses from edible crabs. The present study was undertaken to determine the parame- ters for recovery of rotavirus and enteroviruses seeded into crab homogenates.
MATERIALS AND METHODS
Viruses and viral assays. Simian rotavirus SA1l was used as a model for human rotavirus. Assays were performed on MA-104 cells (a continuous cell line derived from fetal rhesus monkey kidney) using the plaque technique developed in our laboratory (14) . Poliovirus type 1 (strain LSc-2ab), echovirus type 7 (Wallace strain), and coxsackievirus B5 (Faulkner strain) were propagated and assayed in BGMK (buffalo green monkey kidney) cells using the plaque technique under an agar overlay (12) . All viruses were plaque purified and monodispersed before use (5) . Cells were cultivated and maintained as previously described (12) .
Crabs. Blue crabs (C. sapidus) were purchased from commercial sources in Houston, Tex. They were washed in running tap water, drained, and dried on paper towels. After the crabs were opened aseptically, the gills and guts were removed and placed in a sterile beaker. The hemolymph was obtained in an equal volume of Alsever solution to prevent clotting. In most experiments, hemolymph, gills, and digestive tract were mixed and used, but in a few they were kept separate. Tissues were homogenized by blending in a Waring blender for 5 s.
RESULTS
Release of virus from crab tissue. In previous experiments with oysters in our laboratory (8) blended again for 5 s. The homogenate was centrifuged at 1,500 x g for 20 min, the pelleted tissues were discarded, and the supernatant (clarified homogenate) was saved and assayed. The results shown in Table 1 indicate that 75 to 100% of viruses seeded in crab tissues are recovered by this procedure. In several experiments, it was determined that the pH of the homogenate before centrifugation should be .9.2; otherwise substantial amounts of virus were lost with the discarded pellet.
A thin layer offatty material is usually present on top of the supernatant after centrifugation. Since this fatty layer was found to interfere with further processing, it was removed by filtering the supernatant through cheesecloth pretreated with 3% beef extract (pH 10.5) to avoid virus adsorption to the cloth. Removal of this fatty layer did not result in any appreciable virus loss.
Concentration of virus on crab proteins. Crab tissue homogenate after clarification by centrifugation still contains finely suspended particulates (crab proteins) which precipitate at lower pH. To determine optimal conditions for viral adsorption to these particulates, the following experiment was conducted. Tissue from a large pool of crabs was blended for 5 s in 7 volumes (wt/vol) of 0.05 M glycine (pH 9.8 to 10.0). The homogenate was centrifuged at 1,500 x g for 20 min. The sediment containing gross tissue was discarded. The supernatant (clarified homogenate) containing finely suspended particulates was divided into seven aliquots; they were seeded with known amounts of poliovirus type 1 and adjusted to different pH and conductivity levels. The suspension was stirred for 5 min on a magnetic stirrer and centrifuged at 1,500 x g for 20 min. The supernatant was assayed to determine the amount of virus adsorbed to the pellet (crab proteins). The results shown in Table 2 indicate that maximum virus adsorption occurred at a pH of 3.5 and that it was not affected (15, 17) . Elution of virus from pelleted crab proteins. After the parameters for maximum adsorption of seeded poliovirus to crab proteins in the clarified homogenate were determined, experiments were carried out to examine the best eluent and pH conditions necessary for recovering the virus from the pellet. In a typical experiment, 100-ml aliquots of clarified homogenate were seeded with known amounts of poliovirus, the pH was adjusted to 3.5, and the suspension was stirred for 5 min to achieve uniform virus adsorption. Samples were centrifuged at 1,500 x g for 20 min, and supernatants were discarded. Fivemilliliter volumes of different eluents were used for recovering virus from the pellets ( 9.0 32 a Crab precipitate (pellet), obtained from 100 ml of clarified homogenate and containing known amounts of poliovirus 1, was suspended in 5 ml of the indicated eluents. After the suspension was adjusted to the indicated pH values, it was stirred and centrifuged at 2,000 x g for 20 min. The supernatant was assayed to determine the amount of virus recovered.
b Means of three to five experiments.
NaCl (pH 9.0) recovered the maximum amount (74%) of seeded virus. It should be pointed out that the pH of the eluent drops considerably after contacting the acidic precipitate (pH 3.5); therefore, it was deemed necessary to begin with an eluent of high pH. The use of pH 11 to 11.5 glycine-saline resulted in partial inactivation of poliovirus; therefore, glycine-saline at an initial pH of 10.5 and final pH of 9.0 to 9.2 was used as an eluent in subsequent experiments. These pH conditions were found to be satisfactory for the elution of the other model viruses used in this investigation.
Removal of toxicity. A serious problem encountered during the assay of the final eluate was its toxic effect on the cells used for virus assay. The problem could be partially alleviated by 10-fold dilution of the eluate, but this approach defeated the purpose of concentration.
Efforts were therefore directed toward removal of cytotoxicity without dilution of sample and without loss in virus recovery. The use of positively charged depth filters for removal of cytotoxicity from sewage concentrates has been proposed (10), but filtration of the concentrates from crabs through such filters resulted in a large loss of virus and only a partial removal of cytotoxicity.
Cat-Floc (polydimethyldiallyl ammonium chloride; Calgon Corp., Pittsburgh, Pa.), a poly- electrolyte, has been suggested to aid in the removal of toxicity from shellfish concentrates (R. Moore, personal communication). Cat-Floc was therefore added to aliquots of the final eluates at concentrations of 0.1, 0.2, 0.5, 1.0, 2.0, and 5.0%. The mixtures were stirred for 5 min and then centrifuged at 2,000 x g for 5 min. The supernatants were checked for toxicity to BGMK and MA-104 cells. Cat-Floc, in a final concentration of 5%, was found to remove toxicity for both cell lines without appreciable loss in virus.
The steps of the procedure developed for concentration of viruses from crab tissues are outlined in Fig. 1 . This procedure has been tested for recovering different model viruses added to crab tissue. An average recovery efficiency of 52% for three enteroviruses and 23% for rotavirus (SAll) was obtained (Table 5 ). higher than in the surrounding water (9) . Crabs may also acquire viruses by feeding on contaminated mussels (1-3) . Bacterial Cytotoxicity is a major problem in assaying concentrates from environmental samples, especially oysters (13, 15, 17) . In the present study, we found that cytotoxicity associated with the assay of crab concentrations was also high. Many (11) , and filtration through positively charged filters (10) . We found that freon treatment and positively charged filters were inadequate for removing cytotoxicity from crab concentrates. Flocculation with Cat-Floc was effective, but the concentration of Cat-Floc required was high (5%). Even with the use of this high concentration, a number of samples collected from heavily polluted areas showed some degree of cytotoxicity; however, this was eliminated by washing of the inoculated monolayer cultures. The method presented in this paper will be useful in detecting low-level viral contamination of crabs and thereby should help in assessing their public health significance.
